and a crude method for exposure assessment. The two more sophisticated studies (12, 13 ) employed a standardized measure for depressive symptoms and an improved control for confounding; the secondary exposure assessment in both studies was, however, based solely on proximity to power lines with no attempt for additional quantification of exposure. The first study (12) found an odds ratio (OR) of 2.8 (95 percent confidence interval (Cl) 1.6-5.1) for depression, whereas the other (13) observed no significant difference in the depression scores between the exposed and nonexposed group. In one very recent study (14) , living within 100 m of high-voltage power lines was linked to an increased risk of depression in mothers before and after giving birth. In another recent study (15) , the risk for depression among electricians was increased twofold, whereas electrical workers in aggregate showed little evidence of an increase in risk.
We combined data from two nationwide studies that provided readily available information on depression, residential magnetic fields of transmission lines, and demographic characteristics. The purpose of our study was to investigate the hypothetical relation between 50-Hz magnetic fields of overhead 110-to 400-kv power lines and self-rated depression in Finland.
MATERIALS AND METHODS

Finnish Twin Cohort Study
The data for the present study were obtained from two nationwide, population-based studies: the Finnish Twin Cohort Study and the Finnish Transmission Line Study. The Finnish Twin Cohort Study is a genetic epidemiologic project for the study of genetic and environmental determinants of chronic disease. The older part of the cohort, used in this paper as a sample of individuals, was compiled from the Central Population Registry of Finnish citizens in 1974. It consists of all same-sex pairs born before 1958 with both members of a pair alive in 1967. The selection procedures, determination of twinship, and assessment of representativeness are described in detail elsewhere (16, 17) . The twins were mailed a baseline questionnaire in 1975, and the response rate to the questionnaire was 89 percent. The social class, educational level, and marital status distributions of the twins were found to be very comparable with the Finnish population as a whole.
A follow-up study of these twins was carried out in 1990, when a questionnaire was mailed to the twins born between 1930 and 1957 belonging to pairs with both twins alive in 1987 (18) . The questionnaire contained 102 health-related questions or scales, among them the 21-item Beck Depression Inventory (BDI) (19) (20) (21) , which had an individual response rate of 77.5 percent (22) . Those who completed fewer than 19 items on the BDI (n = 400) were excluded from the present study. For the remainder (n = 12,063), missing values were replaced by the mean value of the subjects' other items, and the final sums were calculated to be used in the present study. Subjects were aged 33-60 years at the time of testing.
The BDI instructions asked the subjects to describe themselves presently ("right now") on a scale that provided four alternatives. The 21 symptoms and attitudes were mood, pessimism, sense of failure, lack of satisfaction, guilt feelings, sense of punishment, selfdislike, self-accusation, suicidal wishes, crying, irritability, social withdrawal, indecisiveness, distortion of body image, work inhibition, sleep disturbance, fatigue, loss of appetite, weight loss, somatic preoccupation, and loss of libido. Each could be rated from 0 to 3 in terms of intensity, resulting in a total BDI score between 0 and 63. Although the mean BDI scores in a recent Finnish population study (also based on the Finnish Twin Cohort) (21) were 4.52 (95 percent CI 4.38-4.66) for men and 5.75 (95 percent CI 5.61-5.89) for women, the cutoff scores of 10, 19, and 30 have been recommended by the US Center for Cognitive Therapy (20) to distinguish between none or minimal (BDI < 10), mild to moderate (BDI 10-18), moderate to severe , and severe (BDI > 30) forms of depression.
The Finnish Twin Cohort data from the 1990 health questionnaire was also used for the assessments of social support and stressful life events. First, social support was measured with five questions, three of which assessed the quantity of social support on a six-category scale (scale I), and two dichotomous questions assessed the quality of social support (scale II). The three quantitative questions asked the numbers of the subjects' weekly contacts, good friends possibly paying a visit without prior notice, and family members and others with whom they spoke openly. The two qualitative questions were based on the subjects' personal experience of their human relationships and asked whether the respondent possessed a good friend capable of giving support and whether he or she had anyone around for sharing deepest feelings and confidences. Both scales of social support were independently associated with BDI scores.
As for stressful life events, the subjects were asked whether the following life events had happened: death of a spouse, death of a friend, poor health of a family member, sexual problems, divorce or legal separation, troubles in other human relationships, considerable interpersonal conflicts at work, loss of a job, serious economic problems, serious personal health problems, considerable conflicts with spouse, and any other serious problem. The subjects were also asked to indicate when those life events had happened: during the last 6 months, during the last 5 years, earlier, or never. A sum variable of stressful life events was calculated with scores of 4, 2, 1, and 0 for the respective categories.
A nationwide hospital discharge registry has been kept in Finland by the National Board of Health since 1969. It covers all discharges of inpatients from hospitals in Finland. The doctors treating the respective patients have assigned the discharge diagnoses according to the Finnish version of the International Classification of Diseases, Eighth Revision, through 1986, and thereafter the Ninth Revision. Up to four different diagnoses are listed per patient at each discharge. The data on psychiatric diagnoses (ICD-9 rubrics 290-301) for 1972-1995 were linked to the twin cohort using the unique identification number assigned to each Finnish citizen. The reliability of the nationwide hospital discharge registry of Finland has been considered satisfactory for epidemiologic purposes (23, 24) .
Finnish Transmission Line Cohort Study
The Finnish Transmission Line Cohort Study includes long-term information on residential magnetic field exposures of the 384,000 people (more than 6 percent of the total Finnish population) who have lived any period of time between 1970 and 1989 within 500 m of overhead power lines of 110-400 kv in magnetic fields calculated to be >0.01 jxT (25) . The cohort's coverage can be estimated to be close to 90 percent of all Finnish people. The compilation of personal exposure histories was based on the Central Population Register, which provided the dates of moving in and out of every residence in 1984-1989, along with a maximum of two addresses before 1984. The shortest distances between the center of each residential building and each overhead power line up to 500 m away were measured from topographical maps of Finland (scale 1:20,000) for each of the years from 1970 to 1989; the annual average magnetic fields (in /AT) for each building were calculated, successively taking into account current, typical locations of phase conductors in power lines and distance. The exposure assessment and applications of the Transmission Line Cohort have been extensively described elsewhere (25) (26) (27) (28) (29) .
The Transmission Line Cohort was combined with the Twin Cohort using the respondents' personal identification numbers, which are unique for every resident of Finland. The former provided the exposure data of the present study, and the latter, its outcome and covariate data. The members of the Twin Cohort who were not included in the nationwide Transmission Line Cohort (i.e., including everyone living in the vicinity of high-voltage power lines in Finland in 1970-1989) were presumed to have minimal exposure to the residential magnetic fields of high-voltage power lines.
Data analyses and statistical methods
Although the study population consisted of twins, the analyses disregarded their twinship and considered them as individuals drawn from the population. This procedure has been used in earlier analyses of individuals of the twin cohort (30, 31) , and inferences from epidemiologic analysis of twins considered as individuals are comparable with those based on singletons from the general population. However, the lack of independence among observations involving some twin pairs would actually make the effective sample size slightly smaller than what is reported, thus making the actual variance slightly larger and CIs slightly wider than what is reported under the assumption of independence.
There is no reason to believe that the residential history of adult twins is different from that of other adults in the population. Less than 10 percent of twins lived together in 1981 (32) . The mean BDI scores did not differ by zygosity for either sex. Also, the mean scores of twins from pairs in which both responded did not differ from the mean scores of twins from pairs in which only one responded.
The exposure measures used in the statistical analyses included, in addition to the mean distance and average magnetic field of each calendar year, the mean distance over the entire period for which the subjects lived within 500 m of the lines as well as cumulative exposure to magnetic fields during 1970-1989 (in /xT-years), the latter being calculated as the sum of the products of magnitude and duration of magnetic field exposure.
Two statistical approaches were applied to investigate the relation between depression and power lines. First, the mean BDI scores were calculated for each exposure category to assess the transmission line effects on depressiveness at levels commonly encountered in the general population. Second, the cutoff scores of 10, 19, and 30 were applied in the analyses to study power line effects on mild to severe forms of depression.
In the analyses of mean BDI scores, we used analysis of covariance models (SAS, PROC GLM) to take simultaneously into account exposure (cutoff points of 50, 100, 200, and 500 m for distance; 0.01, 0.10, and 0.20 /xT for magnetic field; and 0.01, 0.25, 0.50, and 1.00 jiT-years for cumulative exposure to magnetic fields), BDI score, and confounding variables. The covariate-adjusted means and standard deviations of the BDI score in each exposure category were estimated from models with exposure, sex (men, women), age (continuous), social class (white collar, blue collar, farmer, unknown), education (primary, secondary, tertiary), marital status (unmarried, married, divorced, widowed), working outside the home (yes, no), regular day work (yes, no), engaged in salaried work (yes, no), current smoking status (never smoked, occasional smoking, former smoker, current smoker), presence of heavy drinking (i.e., a bottle of wine or its equivalent during a single occasion at least once a month or more often: yes, no), number of alcohol-related pass-outs during the past year (never, once, more often), life events scale (very low: <2 points, low: 2-4 points, high: 5-7 points, very high: ^8 points), social support scale I (very low: <9 points, low : 9-10 points, high: 11-13 points, very high: ^14 points), and social support scale II (low: <2 points, intermediate: 3 points, high: 4 points). Respective models were also fitted separately for men and women. The significance of a variable was assessed by a partial sum of squares F test; the criterion of statistical significance was set at the 5 percent level. Differences in the two-dimensional contingency tables were tested for statistical significance using the Pearson chi-square test.
In the analyses of a series of BDI strata ("no depression" (BDI < 10), "mild depression" (BDI 10-18), "moderate depression" (BDI 19-29),"severe depression" (BDI S: 30)), we obtained the relative risk estimates by calculating the odds ratios (ORs) of depression using exposure estimates with previously shown exposure cutoff points. The random variability was assessed by exact 95 percent CIs.
RESULTS
A sample of 5,512 men and 6,551 women were included in the present study. The proportion of study subjects included in the original transmission line cohort was 4.4 percent (i.e., (42 + 127 +362)/12,063)) (table 1 (29) .)
The response rates to the 1990 health questionnaire were somewhat higher among those living closer to the lines, the actual rates being 77, 74, 79, 80, and 83 percent for distances of >500, 200-500, 100-199, 50-99, and <50 m from the nearest high-voltage power line, respectively. As for the characteristics of the study subjects, those living within the 500-m corridor around the transmission lines appear to be relatively similar to those living outside the corridor (table  1) . The two-dimensional contingency tables reveal neither major nor statistically significant (a = 0.05) differences by distance, the only exception being the slightly higher proportion of salaried workers among those living within 100 m of the lines {p = 0.03).
As for self-rated depressiveness, the covariateadjusted means of BDI were 5.30, 5.27,4.95,5.08, and 4.20 in all study subjects by increasing cumulative exposure (nonsignificant) ( In addition, we attempted to analyze the risk of severe depression using each of the exposure estimates for 1970-1989 separately. The crude ORs were between 5.49 (in 1981) and 43 (in 1970-1971) for distances within 50 m. However, these findings were mostly due to only one 60-year-old woman.
DISCUSSION
The present study is the only nationwide, population-based study on the association of depression and power lines/magnetic fields. In contrast to the first generation of relevant studies (7-11), we employed a systematic measure for depression, controlled for several potential confounders, and estimated the average residential magnetic field level in addition to the distance from the nearest power line.
The rationale of the present study is based on the presumption that high-voltage power lines provide a relatively stable and, in some cases, a dominating exposure source. One exposure-related limitation of the present study is, however, the relatively low levels of power line-generated magnetic field exposures. Although the baseline levels at typical Finnish homes rarely exceed 0.1 /xT (33), the 50th percentile of the workday average magnetic field exposure has been found to be 0.17 /iT, and the 75th percentile is 0.27 /LtT (34) . Another limitation of the present study relates to exposure misclassification, which has been a major issue in all epidemiologic studies on the adverse health effects of magnetic fields. Magnetic field is a timedependent vector quantity with magnitude and direction. Since there is a variety of magnetic field sources, assessments of exposures to magnetic fields should, ideally, take into account the numerous components of magnetic fields from all sources affecting the observation point at that particular instant in time. Exposure assessment is further complicated by the fact that the truly hazardous characteristics of magnetic fields (if any) remain unknown.
The potential effects of exposure misclassification due to measurement error and other sources of magnetic fields (whether at home or in an occupational setting, at night or during the day) are also important. Nondifferential exposure misclassification would likely have the effect of biasing the observed risk estimates toward unity. In practice, this would increase the possibility of false-negative results (given that there is an effect) and encourage careful considerations as to the strength of "negative" evidence. Regarding more detailed discussions on our exposure assessment method, we refer to our previous publications using the Finnish Transmission Line Cohort Study data (25) (26) (27) 29) .
The BDI has been widely used in epidemiologic studies and has good psychometric properties (20) . It is not, however, an instrument for the clinical diagnosis of depression. Nonetheless, one study has given quite similar estimates for the prevalence of depression using both BDI and DSM-ITJ criteria (35) . A recent Finnish study (21) found that the mean BDI scores of those who had a history of hospitalization for depression had scores that were twice as high as the scores of subjects with no such history. More skepticism has been addressed toward the validity of BDI in the case of severe depression, suggesting that high scores might simply represent diffuse maladaptive functioning in a subclinical population (20) .
Our results of mean BDI scores controlled for several important determinants of depression, all of which (except for regular day work (shift work)) were statistically significant (here a = 0.10) but had at most minor effects on the risk estimates. Although Kendler et al. (36) suggested the strongest determinants of major depression to be stressful life events, genetic factors, a previous history of major depression, and the personality trait of neuroticism, the first three provide no readily available explanation for our results. In addition, a recall bias is unlikely since there had been no public concern about the possible adverse health effects of power lines in Finland at the time of the questionnaire in 1990. The possibility of residual confounding (e.g., by somatic diseases, medicines, or visible light) cannot, however, be fully excluded.
Our study results of comparable mean BDI scores by exposure provide some assurance that the proximity to high-voltage power lines is not associated with changes in the common range of self-rated depression in the general population. Disregarding the results of the first generation epidemiologic studies with totally unadjusted risk estimates, the earlier results of McMahan et al. (13) are in agreement with our results, whereas those of Poole et al. (12) are contradictory. Although McMahan's study population of white, upper class women was very homogenous, our population is more representative of the entire adult population.
As for the more severe forms of depression, the overall picture is far less clear. We found an almost fivefold, statistically significant increase in the risk of severe depression among subjects living within 100 m of a high-voltage power line. The respective increase among the subjects with a magnetic field of =^0.1 /u-T was even higher. The number of cases was small, however. The only previous study on severe depression in relation to magnetic field levels has been conducted by Savitz et al. (15) , who found a pattern of increased risk for depression among electricians.
As for a theoretical link between electromagnetic fields and depression (5), it remains unclear whether the observations of low nighttime melatonin levels in depressed patients (37) are the true cause or a mere consequence of depression. Nonetheless, the impact of biologic factors has been suggested to be more prominent in severe depression (1). Our findings suggest that particular attention should be given to the identification of depression subgroups that would theoretically be the most prone to the effects of electromagnetic fields.
In conclusion, the nearby high-voltage power lines and their magnetic fields of 50 Hz do not appear to be associated with changes within the common range of depressive symptoms; however, the results are less clear in the case of more severe depression. We observed a clear risk increase in severe depression, i.e., the very subgroup that might according to the study hypothesis be considered to be the most vulnerable to the effects of electromagnetic fields. However, we hesitate to draw strong conclusions about risk increase because of 1) the very small number of depressed cases, 2) the scarcely increased magnetic field levels, and 3) the small number of epidemiologic studies testing the "electromagnetic fields and depression" hypothesis. Nevertheless, our results suggest that this issue requires more investigation. In addition to improving the techniques for magnetic field assessment, we recommend that attempts be made to strive for a better understanding of the exposure characteristics, particularly in relation to the onset and course of depression.
